Background: Arterial puncture for blood gas analysis is a common procedure in hospitals. The aim of the study is to determine if standardizing technique elements of the arterial puncture process could improve the success rate of technicians through the full scope of an academic medical center.
Arterial puncture for blood gas analysis is a common procedure utilized by many hospital service lines in different care settings. We were unable to locate any studies done to evaluate the effect of standardization of technique on arterial puncture success rate. Studies that compare use of local analgesics, 1, 2 or compare arterial puncture with and without ultrasound guidance, 3, 4 offer a glimpse at baseline success rates (ranging from 60.2% to 94.5%) but are often localized to a single department (ie, a study done in the emergency department or pulmonary function laboratory). This study is designed to assess the impact of standardization among blood gas laboratory technicians through the full scope of an academic medical center. The aim of this study is to determine if standardizing technique elements of the arterial puncture process 
Materials and Methods
The study is conducted by the Blood Gas Laboratory at University of Utah Health's main campus. The study was submitted to the IRB and found that oversight was not required or necessary for the project.
During the baseline period, blood gas technicians were asked to tally whether arterial puncture attempts were successful or unsuccessful from December 2014 through February 2015 ( Figure 1 ). Success is defined as an individual puncture that yields an arterial sample suitable for analysis. Failure is defined as a puncture that yields either no sample, a venous or venous admixture, or an arterial sample not suitable for analysis. Every puncture is counted. For instance, when reporting for an arterial puncture, if the first attempt is considered a failure and a second attempt is successful this will tally as 1 failure and 1 success, giving a 50% success rate for puncture even though the physician was provided with 100% of the desired analytical results on this 1 order.
Technicians are provided with tally sheets at the beginning of each shift. These sheets are turned into the manager's departmental mailbox at the end of each shift. The manager then aggregates the data monthly in Microsoft Excel 2013 and plots the data on a P-chart with the significance level set to P = 0.003. Total study data are additionally evaluated by the Student's t-test to determine if the change in mean is statistically significant. A core group of blood gas technicians was assembled to lead the standardization process. The 6-person group included the 3 highest performers during the baseline period, the lead blood gas trainer, a volunteer, and the laboratory manager. They reviewed the steps of performing arterial puncture for blood gas analysis and selected 2 segments of the process for standardization, namely site selection and proper extremity positioning.
These 2 segments were selected because the group noted it was not uncommon to witness their peers walk into a patient room, feel 1 site, and if there was a pulse, move forward without assessing if it in fact presented the best opportunity for success. While hyperextension was being performed, extremities were at times being self-supported by the patient or being hyperextended over a bed rail or edge. In the case of brachial artery punctures techs were leaving the limb close to the body. These practices limit access and hinder the technician's ability to line up the syringe with the vessel and their line of sight.
The recommendation for each segment was:
Site Selection o Check at least 2 viable sites ▪ A viable site is one that is not restricted use or unavailable for arterial puncture. ▪ When evaluating sites, proper positioning should be applied before moving on. ▪ Assess whether hold help will be necessary if the patient is likely to jerk or move.
Proper Positioning o Hyperextension with support ▪ The wrist should be hyperextended for radial artery access. ▪ For brachial artery access the arm should be supinated and abducted from body. ▪ The extremity should not be held up by the patient and should not be supported over an uncomfortable or unstable surface (eg, bed rail). The core group then served as mentors and trainers to the department. In March 2015, the remaining 15 technicians were trained individually in the standardized process for site selection and positioning. All staff continued to tally outcomes of arterial puncture attempts.
As is standard for every blood gas puncture, an order requisition is printed. The team added reminders on proper technique with check boxes to the requisition slip. Technicians are encouraged to review the steps en route to the patient's location and can check them off as reinforcement of the concepts.
Results
During the baseline period of December 2014 through February 2015, a total of 2007 arterial puncture attempts were performed. 1678 were successful, resulting in a puncture success rate of 83.6%. During March 2015, technicians were trained in the standardized process for arterial puncture. This time was treated as a run-in period for the group to gain familiarity with the new process and was not included in the post-standardization analysis.
From April 2015 through March 2017, a total of 15,498 arterial puncture attempts were performed. Of these, 13,813 were successful, meaning the success rate was 89.1%. A statistical process control chart in Figure 2 demonstrates the month-to-month change throughout the project. The chart indicates special cause variation has occurred due to a run of more than 8 data points above the baseline mean also by multiple points above the baseline upper control limit.
Figure 2
Puncture success rate process control chart The increased success rate is significant as evidenced by the Student's t-Test in Table 1 . The table used the success rates from the baseline period as the first set of variables and success rates from the post-intervention period as the second set of variables with P = 0.003. It should be noted that both the core group and regular staff success rates increased from their baseline by the overall laboratory increase of approximately 5.5%.
Discussion
Standardization of the site selection and positioning techniques results in a significant increase in the success rate of arterial puncture for blood gas analysis.
The blood gas laboratory's staff demographic is heavily weighted with undergraduates close to obtaining their baccalaureate degree and applying to professional programs (eg, medical, nursing, physician assistant, dental schools). Ages ranged from 21 to 54 with a mean of 31.4 years and median of 30. Large drops in the success rate on the process control chart correlate with times of high staff turnover. March through July of 2015 and 2016 represent approximately 20% turnover of staff during these periods each year. Runs above the mean tend to correlate with low turnover and staff stability. It is worth noting, even with new staff on board, that success rates remained higher than the baseline period during these high turnover periods.
The difference between the baseline and current success rates represents 1001 arterial puncture attempts from April 2015 through March 2017 that were not made. Although patients are unaware of these absent puncture attempts they are in fact the direct beneficiaries of the efforts of this project, because each puncture is an opportunity for related complications (eg, hematoma, thrombosis, embolism) and additional pain.
Following the initial training and several months of data collection, the core group remains available for consult, but are not actively responsible for any individual's success. Techniques have been incorporated into new hire training and continued improvement is generally self managed by staff. Staff are provided with their own results on a monthly basis to compare personal progress against the posted aggregate data.
The fact that data is self-reported by staff could be considered a limitation of the study. However, other measures of laboratory performance data have included self-reported metrics for many years, so we don't perceive this to be threatening to technicians. Only aggregated data of the overall laboratory success rate is posted in the laboratory to maintain a feeling of safety in reporting. Additionally, there is no performance incentive or penalty tied to an individual's success rate. We believe these factors have maintained the integrity of the reported data.
The short duration of the baseline period could be considered an additional limitation. Prior to this project, the lab had not collected this data and obtaining it retroactively is not possible. We consider the baseline period to be an accurate reflection of prior performance when our laboratory was at its best in the yearly cycle of staff turnover. All staff accounted for in that period were hired and trained prior to the start of initial data collection.
Conclusion
In summary, standardizing technique of arterial puncture for blood gas analysis, with emphasis on site selection and extremity positioning, leads to fewer puncture attempts. LM
